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Abstract  
According to the classical theory of damage and fracture mechanics a simple damage model is established and a 
method of stress intensity calculation is given. After comparison of the results, which are obtained from the numerical 
simulation and experiment with ADB610, it¶s clear that the numerical method is available. 
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1. Introduction 
Typically, the fracture process generally consists of the initial crack birth; stable crack propagation and 
final fracture three stages. Stable crack growth rate can be expressed as a function of the stress intensity 
factor range, and is a more interesting stage. Since the fracture problem draws KXPDQ¶s attention, like 
strength, the study of fatigue crack growth has never been stopped. Numerical simulation of fatigue crack 
growth is a hot issue [1,2,3]. In the numerical simulation of the fatigue crack growth process, there are three 
questions are inevitable: the crack propagation criterion, the crack propagation path, the crack extension 
force size. So far to solve these three problems has two main theories: fracture mechanics and fatigue 
damage theory. In order to resolve the numerical simulation of crack propagation problems, the proper 
method of calculation is required. 
In addition, there are also many kinds of the fatigue crack growth models [2,3,5]. They can be distributed 
as: the fatigue damage and the fracture mechanics models. It¶s clear that they have their own characteristics. 
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In order to solve the three problems, this article decides to solve the first problem with fatigue damage 
theory, and to solve the problem of fatigue crack propagation force with fracture mechanics. For the third 
question, the crack path is known in this paper, into account the type of crack is a pure type ĉ. 
2. Modeling of damage 
According to Lemaitre's theory of fatigue damage, dissipation potential can be generally written as [4]  
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If the study is the isothermal, 
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Here S and DP  are similar, and both of them are material parameters, characterization of the energy 
intensity of damage. The accumulation of damage increases when the life (cycle) increases.  
While 
CDD   )6(  
Dc, characterization of materials under certain loading conditions, is the critical damage. So this process 
will need to determine S, Dc, PD three parameters, and these three parameters often need a certain number of 
low-cycle fatigue tests, especially S have a certain number of data points, life estimation is not easy for 
materials, those without any fatigue tests. In the basis of previous studies a relatively simple and effective 
model has developed [5]. The metal crack growth life prediction is more practical. 
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From the formal point of view, expression (7) is dimplier than expression (5). 
x
P  is expressed as the 
cumulative equivalent plastic strain rate, pDH  is the plastic strain damage threshold. In the derivation of J. 
Lemaitre, Y and S are the energy factor (has the dimension of energy), they should only be a scalar function 
of the relationship between them, so the damage rate expression can be written as: 
pDpHeq PDfD HHVV  
xx
),,(  )8( 
3. Calculation of stress intensity 
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Fig.1 crack tip 
According to Griffith theory and the literature [6,7,8], stress and displacement field expression is known 
in the crack of type ĉ, near the crack tip and ultimately. The stress intensity factor can be determined by 
the displacement of points A and B, after the crack tip. 
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4. Crack growth simulation 
4.1 Yield criterion 
In this paper, R. Von Mises yield criterion is used, and can be expressed as [9]: 
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4.2 Hardening model 
Harden strain is a property of material. Yield surface is related with the previous history of the plastic 
deformation, and is usually expressed as: 
0),(  KF iiV  )11(  
Here, K is a characteristic parameter of the previous plastic deformation. In this paper, the kinematic 
hardening model is used, and its yield surface can be expressed as: 
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Expression (13) is the volume element of the accumulation of previous plastic strain. 
4.3 Constitutive 
In the plastic stage of the calculation process, the incremental constitutive relation is used in this paper. If 
D
ijV  indicates that the current stress. ijdV and ijdH  are stand of stress increment and strain increment. 
Kinematic hardening model for the constitutive equation [10]: 
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Here ef  and pf  are relative to the current stress and accumulated plastic strain on the current 
symmetric matrix. 
4.4 Meshing 
In this paper, finite element program is used, taking into account the symmetry of the specimen and the 
load. The meshing model is shown in Fig.3. 
 
Fig.2 Finite element model                                                                        Fig.3 meshing near the crack tip 
The size of grid in the 1.5mm region near the crack tip is 0.1mm. The other regions is meshed with 6-
node isoperimetric elements,. 
Material properties is sat according to the result of ADB610 steel, shown in fig.4, elastic stage, E = 
*3Dȝ ıs = 580MPa; plastic stage is assigned as the tension result of ADB610. 
  
Fig.4 Material properties                                                          Fig.5 Sine wave loading 
 
In the experiment, sine wave load is applied. But taking account of the number of iterations and the 
amount of calculation, a triangle wave load is applied in this paper, peak values. Pv=1.5kN, Pp = 15kN, R = 
0.1. In the loading process, in order to avoid the stress concentration phenomenon, the load is divided to 19 
nodes symmetrically around the hole at the top. 
4.5 Crack propagation analysis 
For ADB610 steel, after 10 cycles of loading, the calculation result in this paper showed that VON Misse 
stress and hydrostatic stress at the crack tip in each cycle are almost unchanged. While crack length a = 
17mm, the variation of Von Mises equivalent stress is less than 0.0014%, and hydrostatic stress is not 
beyond 0.01%. So hydrostatic stress and Von Mises stress are assigned as constant when the plastic strain is 
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greater than the threshold value. At this point, ),,( HeqDf VV  can be simplified to )(Df , so in this paper 
the rate of fatigue damage can be modified for the expression: 
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here C is a constant, according to the literature [4], a number of metallic materials¶ can be obtained. for 
most of materials, the value of C generally between 0.3 to 1. In this paper's calculation, based on the 
existing material on ADB610 information C is assigned as 0.5. In the iterative calculation process, Do = 0, 
while 
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According to the theory of fatigue damage, when the damage accumulation at crack tip is as large as 
damage threshold, this element should be released. In the other hand it lost the ability to withstand load, and 
then continue. On the condition of the stress intensity factor at crack tip reaches fracture toughness, the 
specimen destroyed. 
The condition of stable increment of plastic strain accumulation rate is expressed as: 
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At this point, we can iterate the damage rate expression, assuming that iteration to obtain the amount of 
damage accumulation reaches a critical value Dc, and the number of cycles is Nf. So the crack growth rate 
at this point can be approximately expressed as: 
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By this step, in this paper, each point, with the distance is 2mm next to another, was calculated. 
5 Results and analysis 
After calculation, cycles and stress intensity factors can be respectively obtained at different crack 
lengths, shown in Table 1. 
Table 1, the fatigue life and stress intensity factor at different crack length 
a(mm) N0.1(cycles) ᇞK ( P03D ) 
15 649 29.542 
17 386 33.086 
19 231 37.608 
21 138 42.312 
23 90 47.169 
25 59 54.231 
27 40 65.467 
 
Based on the above table, the Paris formula parameters are obtained. C = 4.1396 × 10-8; m = 3.192. 
Furthermore, according to experimental results, the Paris formula parameters are also obtained. C = 
3.5223 × 10-8; m = 3.5862. 
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The following figure is ADB610 crack growth rate simulation and experimental results comparison chart. 
   
       Fig. 6 the crack growth rate of ADB610                  Fig. 7 the damage life of different crack length 
It¶s obvious that simulation result is good in fig.6. The numerical simulation and experimental results are 
very close. 
In fig.7, while the crack length increases, the damage life is decrease nonlinearly.  
6 Conclusions 
(1) According to classical fatigue damage theory, a simple simulation of crack propagation model is 
established; 
(2) It¶s clear that the simplified model is available through the comparison of experimental result and 
simulation result. 
References: 
[1] Feifei Fan, Sergiy Kalnaus, Yanyao Jiang. Modeling of fatigue crack growth of stainless steel 304L. Mechanics of 
Materials.v40.2008 
[2] Thomas "rts Pedersen1. Numerical modelling of cyclic plasticity and fatigue damage incold-forging tools. International Journal 
of Mechanical Sciences v42.2000 
[3] Thomas "rts Pedersen1. Numerical studies of low cycle fatigue in forward extrusion dies. Journal of Materials Processing 
Technology v105.2000 
[4] Le Maite. Damage mechanics tutorial. Science and Technology Press, .1996. 
[5] Jiang Fenghua, Tian Changlu. Numerical simulation of fatigue crack growth. Inner Mongolia University of Technology, 
V23.2004. 
[6] Gao Qing. Engineering Fracture Mechanics, Chongqing University Press, .1985. 
[7] Fan Tianyou. Fracture Mechanics, Jiangsu Science and Technology Press, .1978. 
[8] Li Zaili,Wang Cheng. Advanced Boundary Element Method, Science Press .2008. 
[9] Xu Binye, Liu Xinsheng. Application of Elastic-plastic Mechanics, Tsinghua University Press, .1995. 
[10] Chen Du. Plasticity summary. Higher Education Press, .2005. 
